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from noncontrast abdominal computed tomography (NCCT) to evaluate the impact of stone pa-
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2012 to August 2013. All of them received pre-SWL NCCT; 1 month after SWL, radiography
was arranged to evaluate the condition of the fragments. These patients were classified into
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including stone attenuation, abdominal fat area, and skin-to-stone distance (SSD) were
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CT to predict the outcome after SWL 35The mean ages were 49.35  13.22 years and 55.32  13.52 years, respectively. On univariate
analysis, age, stone size, stone surface area, stone attenuation, SSD, total fat area (TFA),
abdominal circumference, serum creatinine, and the severity of hydronephrosis revealed sta-
tistical significance between these two groups. From multivariate logistic regression analysis,
the independent parameters impacting SWL outcomes were stone size, stone attenuation,
TFA, and serum creatinine. [Adjusted odds ratios and (95% confidence intervals): 9.49 (3.72
e24.20), 2.25 (1.22e4.14), 2.20 (1.10e4.40), and 2.89 (1.35e6.21) respectively, all
p < 0.05]. In the present study, stone size, stone attenuation, TFA and serum creatinine were
four independent predictors for stone-free rates after SWL. These findings suggest that pre-
treatment NCCT may predict the outcomes after SWL. Consequently, we can use these predic-
tors for selecting the optimal treatment for patients with urinary stones.
Copyright ª 2014, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. All rights
reserved.Introduction
Extracorporeal shockwave lithotripsy (SWL) was first intro-
duced in 1980 by Chaussy et al. [1] and was successfully
applied to patients with urolithiasis [2]. It has become the
standard treatment for renal and ureteral stones <2 cm in
diameter. Compared with endourological lithotripsy and
open surgeries, SWL is a noninvasive method and has similar
stone-free rates in appropriate patients. However, the
success rates range from 46% to 91% [3e5] and failure of
stone disintegration may cause additional outlay, alterna-
tive procedures, and even complications such as stone
street and renal hematoma; therefore, to identify patients
who will benefit from SWL prior to treatment is important.
Further studies have focused on patient demographic
characteristics, such as age, stone location, stone size,
hydronephrosis, and serum creatinine level, as possibly
influencing the stone-free rate following SWL [6e8].
Recently, it has been suggested that abdominal obesity,
body mass index (BMI), waist circumference, and waist-to-
hip circumference ratio may be related to the stone-free
rate of SWL [9,10]. A previous study evaluated 100 patients
who had undergone SWL for 5e10-mm upper urinary tract
stones, and the authors found that BMI and Hounsfield unit
(HU) density were significant independent predictors of
calculus-free rates [10]. Another study surveyed 111 pa-
tients with renal stones receiving SWL, and the result
showed that calculus attenuation and skin-to-stone dis-
tance (SSD) could predict SWL success [11]. Both of them
revealed that body fat might be an important factor
regarding the success rate of SWL.
Noncontrast abdominal computed tomography (NCCT)
has long been used for the evaluation of urinary calculus.
Compared with plain radiography, ultrasonography, and
excretory urography, NCCT can provide rapid and accurate
determination of stone parameters. Besides, NCCT can be
used for the accurate assessment of intra-abdominal fat
and it is considered to be the optimal method over other
anthropometric measurements, such as BMI or waist
circumference [12]. In addition, many studies have proven
that total fat area (TFA), visceral fat area (VFA), and sub-
cutaneous fat area (SFA) from NCCT obtained at the level of
L4 and L5, closely correlated with the volume of abdominalfat [13e15]. Thus, we used the data available from NCCT to
evaluate the impact of stone parameters and abdominal fat
distribution on calculus-free rates following SWL.
Material and methods
From August 2012 to August 2013, 328 consecutive patients
who underwent SWL for urinary calculi with a size between
5 mm and 20 mm were reviewed retrospectively at a single
medical center. Ethical approval by the Institutional Review
Board of Kaohsiung Medical University Hospital, Kaohsiung,
Taiwan was obtained for data collection and analysis. Of
the 328 patients, 207 were men and 121 were women. All
patients underwent plain kidney, ureteric, and bladder
(KUB) radiography and NCCT prior to SWL. All of them were
shown to have a radiopaque calculus. Thorough de-
mographic data, clinical history, physical examination,
urine analysis, radiographic study, and sonography were
recorded prior to SWL. The characteristics of calculus, such
as calculus location, calculus size (maximum calculus
length), calculus laterality, and calculus surface area, were
collected by KUB radiography. Other stone profiles (in HU),
skin-to-stone distance (SSD), abdominal fat distribution
parameters (SFA, VFA, TFA), and para- and perirenal fat
area were determined from NCCT by a radiologist who was
blinded to the clinical details of the patients.
Unenhanced computed tomography (CT) of the abdomen
was performed with spiral CT acquisition (GE Healthcare,
Milwaukee, WI, USA) using 0.5-cm collimation from the
upper border of kidneys to the pubic symphysis with 0.25-
cm reconstruction. To measure the stone density in HU, we
used the greatest diameter of the stone on the cross-
sectional CT image for analysis as Perks et al. described
previously [11]. A total of three coherent, nonoverlapping
regions of interest (area 0.01 cm2) would be chosen to
calculate the mean attenuation (Fig. 1A). To measure the
SSD, three distances were collected on axial CT from the
center of the stone to the skin surfacedperpendicular,
horizontally, and at 45 between the first two measure-
ments (Fig. 1B) [11].
The data of abdominal fat distribution, such as TFA, VFA,
and SFA, was collected by using the methods described by
Yoshizumi et al. [16]. VFA and SFA were measured on one
Figure 1. (A) Stone attenuation (Hounsfield unit density): Axial unenhanced computed tomogram that shows attenuation
calculated from three consistent and nonoverlapping areas. (B) Skin-to-calculus distance: mean value calculated from three dis-
tance from the stone center to the skin surfacedhorizontally, perpendicular, and at 45 between the first two measurements.
36 J.-H. Geng et al.cross-sectional scan obtained at the level of the L4
vertebra. Tomographic attenuation of adipose tissue was
defined to be between 190 HU and 30 HU as defined by
Sjostrom et al. [14]. The border of the body cavity and intra-
abdominal cavity were outlined on the CT image (Fig. 2A),
and then SFA and VFA were quantified using standard soft-
ware. Tissue within the border of intra-abdominal cavity
was considered to be the VFA based on the attenuation
range for fat (Fig. 2A). Tissue between intra-abdominal
cavity and body cavity was considered to be the SFA. The
TFA was the sum of VFA and SFA. The para- and perirenal fat
area was computed at the level of renal hilum by tracing the
contour inside the Gerota’s fascia (Fig. 2B). We also
collected other parameters, including abdominal circum-
ference (ACCT), the severity of hydronephrosis, and the
presence of perirenal infiltration by NCCT.
All SWL procedures were carried out using a Siemens
Lithostar multiline lithotripter (Siemens Medical, Munich,
Germany) in our hospital. Under intermittent fluoroscopic
guidance, the targeted stone were stricken by the maximal
16.8 kV shockwave power until stone disintegration or a
maximum of 3500 shockwaves was reached. For analgesia,
intramuscular Meperidine (50 mg) was administrated. AllFigure 2. (A) Computed tomography measurement of the total fa
stands for the visceral fat area based on the attenuation range for
red area outside the yellow circle. Total fat area is the sum of v
mography measurement of the para/perirenal fat area for the kidpatients receiving regular follow-up by KUB 1 month after
the procedure to assess the effectiveness of SWL. Patients
were classified in the stone-free (SF) or residual-stone (RS)
groups. Patients with residual fragments >3 mm were
categorized into the RS group.
Results are expressed as mean  standard deviation or
percentages for numerical and categorical variables. The
Student t test, Chi-squared, and Wilcoxon rank-sum tests
were performed to compare different parameters between
the SF and RS groups using commercial software. If the
mean was less than twice the standard deviation, then the
distribution was likely to be skewed. Logarithmic trans-
formations can be carried out to make the data follow
normal distribution or at times for ease of interpretation/
comparison [12]. According to the criteria, the data of
stone size, stone surface area, HU density, and total fat
area was transformed logarithmically. We also used Pear-
son’s correlation coefficient analysis to identify highly
correlated variables and remove one of them when
applying to the logistic regression analysis. Univariate or
multivariate logistic regression modeling was used to assess
factors predicted for SWL success. Receiver operating
characteristic (ROC) curve analysis was used to determinet area at the umbilical level. Red area within the yellow circle
fat. Subcutaneous fat area is obtained by the measurement of
isceral fat area and subcutaneous fat area. (B) Computed to-
ney (left side) within the circle at the level of renal hilum.
CT to predict the outcome after SWL 37the area under the curve (AUC) and to compare the inde-
pendent factors influencing the calculus-free rate. The
commercial software used for analysis was IBM SPSS Sta-
tistics, version 19.0, (SPSS Inc., Chicago, IL, USA). A p-value
<0.05 was considered to be statistically significant.Results
The results, including the characteristics of the patients,
the NCCT measurements and abdominal fat areas, are
summarized in Table 1. In all, 197 (60%) were classified as
stone-free and 132 (40%) as having residual stone. There was
no difference in gender, calculus laterality, para- and peri-
renal fat area, VFA, SFA, the presence of perirenal infiltra-
tion, shockwave numbers, or urine analysis between these
two groups. As presented in Table 1, the stone-free rate of
SWL was significantly affected by age, stone size, stone
surface area, HU density, SSD, TFA, ACCT, serum creatinine
(Cr) level and the presence of hydronephrosis (p < 0.05).
As described above, the mean of stone size, stone sur-
face area, HU density, and total fat area was less than
twice the standard deviation. We transformed them loga-
rithmically to make the data follow normal distribution or
at times for ease of interpretation/comparison. In Table 2,
the correlation between each significant variable, includingTable 1 Comparison of demographic information.
Variable Residual stone group (%)
n 131
Age (y) 55.32 (13.52)
Sex (males), n (%) 81 (61.8)
Stone size (cm) 1.04 (0.35)
Stone surface area (cm2) 0.60 (0.44)
HU density 668.77 (282.64)
SSD (cm) 10.78 (2.57)
VFA (cm2) 122.07 (52.84)
TFA (cm2) 320.05 (105.75)
Para-perirenal fat area (cm2) 42.89 (22.71)
SFA (cm2) 196.69 (81.38)
ACCT (cm) 95.62 (10.80)
Creatinine (mg/dL) 1.12 (0.61)
Perirenal infiltration, yes, n (%) 25 (19.1)
Stone laterality, left, n (%) 65 (49.6)
Hydronephrosis, n (%)
No 45 (34.4)
Mild 48 (36.6)
Moderate D severe 38 (29.0)
Urine analysis, n (%)
<25 RBC/HPF 84 (64.1)
25 RBC/HPF 47 (35.9)
Data are presented as mean (SD), unless otherwise indicated.
ACCTZ abdominal circumference; HU Z Hounsfield unit; RBC/HPF
SFA Z subcutaneous fat area; SSD Z skin-to-stone distance; TFA Z t
The values in bold font mean statistically significant (p value <0.05).
a P1: data of continuous and categorical variables were analyzed by
between residual stone group and stone free group.
b P2: Wilcoxon rank-sum test. If the mean is less than twice the s
Logarithmic transformations can be carried out to make the data fo
comparison [15].Ln (stone size), Ln (stone surface area), Ln (HU density),
SSD, Ln (TFA), and ACCT, was evaluated by Pearson’s cor-
relation coefficient analysis. Ln (stone size) and the Ln
(stone surface area) were significantly correlated
(r Z 0.77, p < 0.0001) and the same with the Ln (TFA) and
the ACCT (rZ 0.74, p < 0.0001). Others were not correlated
with each other. Due to the high correlations between Ln
(stone size) and Ln (stone surface area) and between Ln
(TFA) and ACCT, we removed Ln (stone surface area) and
ACCT when applying the logistic regression analysis.
Univariate logistic regression analysis (Table 3) showed
that age, Ln (stone size), Ln (HU density), Ln (TFA), Ln
(serum creatinine), and presence of hydronephrosis were
significantly associated in terms of outcome of SWL
(p < 0.05). In the multivariate logistic regression (Table 3),
Ln (stone size), Ln (HU density), Ln (TFA), and Ln (serum
creatinine) were four major independent predictors for the
success rate of SWL.
The ROC of the four independent predictive factors was
obtained for a failure outcome of SWL (Fig. 3). The area
under the ROC curve (AUC) is a measure of how well a
parameter can distinguish between different diagnostic
groups. The ROC curve demonstrated that the Ln (stone
size) appeared to be the most prominent predicting factor
for stone-free status (AUC, 0.76). The AUC of Ln (HU den-
sity), Ln (TFA) and Ln (serum creatinine) was 0.70, 0.56,Stone-free group P1a P2b
197
49.35 (13.22) 0.0001
126 (64.0) 0.6960
0.77 (0.27) < 0.0001 < 0.0001
0.28 (0.27) < 0.0001 < 0.0001
483.38 (229.03) < 0.0001 < 0.0001
10.55 (2.12) 0.0388
112.23 (51.69) 0.0950 0.1530
292.86 (98.57) 0.0180 0.0630
38.56 (22.49) 0.0940 0.0780
180.63 (77.24) 0.0720 0.0970
93.16 (8.84) 0.0240
0.98 (0.34) 0.0230 0.0660
42 (21.3) 0.4810
101 (51.3) 0.7700
79 (40.1)
90 (45.7)
28 (14.2) 0.0070
132 (67.0)
65 (33.0) 0.8320
Z red blood cells/high-power field; SD Z standard deviation;
otal fat area; VFA Z visceral fat area.
t test and Chi-square test, as appropriate, to make comparisons
tandard deviation, then the distribution is likely to be skewed.
llow normal distribution or at times for ease of interpretation/
Table 2 Pearson correlation coefficient.a
Ln (Stone size) Ln (Stone surface area) Ln (HU density) SSD Ln (TFA) ACCT
r, p r, p r, p r, p r, p r, p
Ln (Stone size) 1.00 d
Ln (Stone surface area) 0.77,<0.0001 1.00
Ln (HU density) 0.51, <0.0001 0.55, <0.0001 1.00
SSD 0.001, 0.987 0.05, 0.412 0.13, 0.019 1.00
Ln (TFA) 0.05, 0.387 0.05, 0.332 0.059, 0.297 0.45, <0.0001 1.00
ACCT 0.06, 0.299 0.09, 0.112 0.085, 0.132 0.35, <0.0001 0.74,< 0.0001 1.00
Ln (Creatinine) 0.04, 0.492 0.07, 0.193 0.01, 0.855 0.15, 0.009 0.04, 0.513 0.72, 0.191
ACCT Z abdominal circumference; HU Z Hounsfield unit; SSD Z skin-to-stone distance; TFA Z total fat area.
The values in bold font mean statistically significant (p value <0.05).
a r > 0.7 indicates a strong positive linear relationship via a firm linear rule.
38 J.-H. Geng et al.and 0.56, respectively. We also tried to set the optimum
cut-off points of these variables to predict the treatment
outcome of a urinary stone with SWL. The predicted opti-
mum cut-off points for predicting stone-free status
following SWL were as follows: Ln (stone size) at 0.51 cm,
Ln (HU density) at 6.00 units, Ln (TFA) at 5.48 cm2, and Ln
(serum creatinine) at 0.15 mg/dL, respectively (Table 4).
Discussion
Determining the role of NCCT in predicting the stone-free
rate in shockwave lithotripsy is important. Several studies
have shown that NCCT provides a rapid assessment of the
stone size, stone surface area, HU density, SSD, stone
number, and stone location, and all these parameters have
attempted to predict the successful rate of SWL [13,17].
Recently, several investigators have demonstrated that
BMI, ADCT, and intra-abdominal fat distribution can also
help to predict the outcome of SWL [10,18e20]. In the
present study, we tried to combine these potential pa-
rameters, which were available by NCCT, to predict the
outcome after shockwave lithotripsy. Among these poten-
tial predictors, age, stone size, stone surface area, HU
density, SSD, TFA, ACCT, serum creatinine, and presence of
hydronephrosis were identified as significant contributors
(Table 1).Table 3 Multivariate analysis for stone residual outcome.a
Variable Crude OR (95% CI) p
Age (y) 1.03 (1.02e1.05) 0.000
Ln (Stone size; cm) 18.63 (8.30e41.78) <0.000
Ln (HU density) 4.52 (2.67e7.64) <0.000
SSD (cm) 1.05 (0.95e1.15) 0.368
Ln (TFA; cm2) 2.08 (1.12e3.85) 0.019
Ln (Creatinine; mg/dL) 2.13 (1.11e4.11) 0.023
Hydronephrosis, n (%)
No 1.00
Mild 7.12 (0.89e57.14) 0.064
Moderate þ Severe 25.49 (2.99e217.67) 0.003
ACCTZ abdominal circumference; c-statisticZ area under the curve;
SSD Z skin-to-stone distance; TFA Z total fat area.
The values in bold font mean statistically significant (p value <0.05).
a The adjusted OR and 95% CI were estimated by a stepwise logistic
model (p < 0.05), otherwise indicated by ‘d’.The main purpose of our study was to determine the
stone measurement by NCCT for predicting the outcome
after shockwave lithotripsy. There are several limitations in
two-dimensional medical radiography to predict stone
characteristics. For example, bowel gas and the interfer-
ence of bony structures may lower the appreciable image.
NCCT is a safe, effective, and easily available technique,
especially in the emergency department. It can eliminate
the superimposition of images of structures outside the
area of interest completely, and distinguish the differences
between tissues that differ in physical density. Besides,
data from a helical scan can be viewed as images in the
axial, coronal, or sagittal planes, which provides multi-
planar imaging. Currently, it has become more and more
common for physicians to evaluate renal colic pain using
NCCT, and it provides higher accurate determination of the
volumes of renal calculi than excretory urography [7]. NCCT
identifies most urinary stones with an accuracy of >95%,
and provides definite size and location of the urinary stone
[13,21].
Total fat area and abdominal circumference
Recently, obesity has appeared as a major metabolic
problem in developed countries. BMI and ACCT, objective
assessments of obesity, have been shown as predictors ofc-statistic Adjusted OR (95% CI) p
1 0.63 d
1 0.76 9.49 (3.72e24.20) < 0.0001
1 0.70 2.25 (1.22e4.14) 0.0092
4 0.52 d
6 0.56 2.20 (1.10e4.40) 0.0262
5 0.56 2.89 (1.35e6.21) 0.0064
0.52
6 d
1 d
CIZ confidence interval; HUZ Hounsfield unit; ORZ odds ratio;
regression method, the significant variables were entered to this
Figure 3. Receiver operating curves were plotted with 1e
specificity and sensitivity measured along the horizontal and
vertical axes, respectively. HU Z Hounsfield unit.
CT to predict the outcome after SWL 39stone-free rates after SWL [9,10,19]. However, there were
some studies showing that excess intra-abdominal fat is
more predictive of health problems than BMI itself [22,23].
For accurate measurement of intra-abdominal fat, NCCT is
an ideal, reproducible, and reliable technique [16,24]. This
method makes it possible to evaluate the fat accumulation
without other investigation, and it is an easy way to
recognize the types of obesity. In this study, we obtained
the intra-abdominal fat parameters (TFA, VFA, SFA, and
para/perirenal fat area) at the level of the umbilicus using
NCCT as presented by other studies previously [15]. The
results of multivariate logistic regression analysis showed
that only TFA was an independent predicting factor for the
stone-free rates after SWL. Other markers of intra-
abdominal fat, including VFA, SFA, and para/perirenal fat
area, were not related to SWL failure. It is still unknown
why SWL failure is associated with an increase in intra-
abdominal fat. It may be due to the hindered targeting of
the stone in adipose tissue or a suppressed shockwave
during SWL [13]. We set a cut-off point in 5.48 for the Ln
(TFA) as a good indicator for predicting calculus-free rates
following SWL.Table 4 Receiver operating curve of predictive factors for SWL
Variable AUC (95% CI) Cut
Ln (Stone size; cm) 0.76 (0.70e0.81)
Ln (HU density) 0.70 (0.63e0.75)
Ln (TFA; cm2) 0.56 (0.50e0.63)
Ln (Creatinine; mg/dL) 0.56 (0.05e0.62)
AUC Z area under the curve; CI Z confidence interval; HU Z Houns
The values in bold font mean statistically significant (p value <0.05).Skin-to-stone distance
The role of SSD on NCCT as a predictor of SWL was first
established in 2005 [25]. Pareek et al. [7] showed that the
mean SSD was 8.12  1.74 cm for the SWL success versus
11.53  1.89 cm for the SWL failure (p < 0.01). The SSD
threshold that best distinguished stones likely to fail SWL
was 10 cm (odds ratio 0.32, p < 0.01) [25]. Several clinical
studies have since verified that SWL failure is related to
greater SSD [11,26e28]. We also demonstrated that SSD was
a predictor of SWL success, but the effect was absent on
multivariate analysis.
Age, hydronephrosis
In this study, increasing age decreased the stone-free part
of SWL significantly in univariate analysis. The cause may
be younger patients having lower abdominal fat-associated
parameters, more daily water intake, better renal clear-
ance and higher contractile function of ureteral smooth
muscle. Moreover, the degree of hydronephrosis was also
related to the outcome of SWL. Stone-free rates were 64%
and 42% for no to mild and moderate to severe hydro-
nephrosis, respectively (p Z 0.007). This may be due to a
longer duration of obstruction with the presence of ureteral
polyps, which make the pass of urolithiasis become more
difficult. Consequently, other alternations, such as ureter-
orenoscopic lithotripsy, should be suggested for the patient
with moderate and serious hydronephrosis.
Serum creatinine
The efficacy of SWL was decreased in patients with higher
serum creatinine concentrations in our study, which is
compatible with other reports [29,30]. Lee et al. [22]
collected 27,299 patients with urolithiasis treated with
SWL and found the stone-free rate for patients with serum
creatinine values from 2.0 mg/dL to 2.9 mg/dL (56.69%) to
be significantly less than that seen in patients with a
creatinine concentration <2.0 mg/dL (66.20%). The cause
may be adequate urine production and excretion helping
the clearance of stone fragments after SWL. In the present
study, we found that serum creatinine was an independent
predictor for the outcome of SWL.
Stone size and stone surface area
First-line measurement for urinary calculi is radiography,
and physicians can acquire the data of the stone size and
stone surface area easily from radiography. Both of them.
-off point OR (95% CI) p
L0.51 5.71 (3.07e10.65) < 0.0001
6.00 3.47 (2.03e3.48) < 0.0001
5.48 1.69 (1.00e2.86) 0.05
0.15 1.53 (0.96e2.43) 0.07
field unit; OR Z odds ratio; TFA Z total fat area.
40 J.-H. Geng et al.have been proven as important parameters to predict the
outcomes after SWL widely [31]. Based on the 2007 Amer-
ican Urological Association guideline for the management
of ureteral calculi, the stone size was one of the most
important predictors for the outcomes of SWL [32]. By
contrast, the use of stone surface area as a tool to provide
an accurate, efficient, and reproducible assessment of
stone burden was firstly described by Lam et al., who found
an inverse correlation with stone-free rate with stone sur-
face area [33]. In our study, the stone size and stone sur-
face area were both independent predictors for the
outcomes after SWL, and when they were evaluated in as-
sociation with other parameters in the logistic regression
analysis, they remained the strongest factors associated
with stone-free rates. The Ln (stone size) threshold that
best distinguished stones likely to fail SWL was 0.51 cm
(odds ratio 5.71, p < 0.0001).
Stone attenuation
Recently, many studies have shown that stone attenuation
can predict the outcomes of SWL. Saw et al. [17] firstly
demonstrated that stone attenuation obtained by NCCT
correlated with stone fragility. They found that the higher
the attenuation value of stones, the greater the number of
shockwaves needed for fragmentation [17]. Similarly, Par-
eek et al. [7] demonstrated that stone attenuation on
pretreatment NCCT can predict the stone-free rate after
SWL [7]. Stone attenuation not only correlated with the
numbers of shockwaves required, but also associated with
the sessions of shockwave treatment needed. A clinical
retrospective study showed that among patients with uri-
nary stone attenuation number >750 HU, 74% of them
required at least three SWL sessions to achieve stone free.
On the contrary, in those with urinary stone attenuation
number 750 HU, only 20% of these patients required at
least three SWL sessions (p < 0.001) [34]. Since then, many
clinical studies have verified the effect of stone attenua-
tion in the stone-free rate after SWL [10,35,36]. Our study
gives support to these findings. The mean stone attenuation
of those with in the stone-free group was significantly lower
than that for those with in the residual stone group
(483.38  229.03 HU vs. 668.77  282.64 HU, respectively;
p < 0.0001). We also demonstrated that the stone attenu-
ation was an independent predictor in multivariate analysis
(adjusted odds ratio: 2.25, pZ 0.0092). The results of ROC
analysis demonstrated that using a cut-off level of 6.00 unit
in Ln (HU density) was a good indicator for predicting
calculus-free rates following SWL.
There are some limitations in the present study. First,
we did not assess the chemical analysis of the retrieved
calculus fragments. Several studies have shown that the
calculi composed of brushite and cystine manifest difficult
fragmentations by using SWL [37]. In an experimental study,
Bellin et al. [38] analyzed 100 urinary stones with different
chemical composition and showed that the CT stone
attenuation value accurately predicts the chemical
composition of 64e81% of urinary calculi. The attenuation
profiles among main subtypes of urinary calculi showed uric
acid 386  154 HU, cystine 527  110 HU, struvite 563  169
HU, calcium oxalate dihydrate 723  131 HU, hydroxyapa-
tite 803  203 HU, and calcium oxalate monohydrate andbrushite 837  220 HU [38]. Second, we cannot measure the
accurate time to stone clearance after SWL. Third, the
outcome of SWL was recorded by radiography 1 month after
treatment. Some stones may be exhausted 1 month later
[39]. However, the present study provides strong evidence
that stone size, stone attenuation, and abdominal fat
accumulation and distribution could affect stone clearance
after SWL treatment.Conclusion
In the present study, stone size, stone attenuation, TFA,
and serum creatinine were four independent predictors for
stone-free rates after SWL. These findings suggest that
pretreatment abdominal NCCT might predict the outcomes
after SWL. Consequently, we can use these predictors for
selecting the optimal treatment for patients with urinary
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